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^ (54) Title: METHOD OF STERILIZING AND INITIA'HNG A SCAVENGING REACTION IN AN ARllCLE 

2 (57) Abstract: A method includes providing an article including an oxygen scavenger, fonning the article into a container, placing 
an oxygen sensitive product into the container; and exposing the container to actinic radiation at a dosage effective to sterilize the 
^ container, and trigger the oxygen scavenger in the article. Allemalive methods are also disclosed. A package includes a container, 
^ the container including an activated oxygen scavenger, wherein the container is sterilized; and wherein an oxygen sensitive product 
is disposed in the container. 
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METHOD OF ^^Tm glNGAjMm^ 



Field Of Th e Invgntinn 



The ln.enSon generally relates to a method of initiating an oxygen scavenolno n==, 



Backorounri Of The Invpntinn 
'0 '^"""'''«'<>'='e««.topnoces^sareusedinthehealmca^in<,u..^ inCudina 

d rr^^To:' ""'"^ ~ ^ ~ 

atl "^'"^ ^"""^ ■^'«*"' ^ -^^o" .dia.on 

For the pad<agi„g o, intravenous solutions and «,e like, stertfeaUon c, fte primary paokao 
IS ing material is cnHcal. fnmaty pacKag- 

Many medical products such as intravenous solutions ara oxygen sensitive and 
meretore « is desirah^ to use oxygen scavenge, in ^eir packaging ,t v„u,d t de Lie 
to convenient^ and sim^y supp, a sin^e pacKagi^ ^atorial «hich can .e sterilised C 
gamma rao^t»„ for medtea, appl^ons, and „^ch includes an oxygen scavenge 11 
!0 s tnggered or aCvatod by the same gamma ray stem.a«on that is used to sterilL "e 
packag-ng material. This would than avoid fte need ,or a separate triggering step 0. ,! a 
separatemsertio^ oxygen scavengerin a ras*g pac^ge, or for a mat;;!" d 
separate individual packets. '"'"er pack and 

'"""^"=="'»*S«''='=»«"»Tintothepackagingmateriali,selfachievesa 
6 nK^^f^m^scavengingeffectthroughoutthepackage. This may Pe especially impln. 
2- is restricted air ci™,a.on inside the package, in addition, su* in JZtn 

^*e package, thereby maintaining the lowest possible oxygen level th« .he pac^! 



°^8en scavengers suitable forcomme^sal use in amdes Of the present invention 
uch as «ms ara disclosed in U.S. Paten. No. 5,350,622, and a method of ini«a«ng ot 
gen scavenging generally Is disclosed in U.S. Pa.en. No 5,2,1,875. According to U S Pat 
en. NO. 5 350.622, oxygen scavengara .a made of an amy,«,ic^iy unsa^ra^ h^!^" 
bon and trans«on m«al catalyst T.e ethyienicaliy unsaturated hydrocarbon may 
^bst^orunsubstituted. As de,^ herein. an unsubstttutodlthylenj;:^ 



wo 02/051705 PCT/USOl/47870 



hydrocarbon is any compound that possesses at least one aliphatic carbon-carbon double 
bond and comprises 100% by weight carbon and hydrogen. A substituted ethylenically un- 
saturated hydrocarbon is defined herein as an ethylenically unsaturated hydrocarbon which 
possesses at least one aliphatic carbon-carbon double bond and comprises about 50% - 
5 99% by weight carbon and hydrogen. Preferable substituted or unsubstituted ethylenically 
unsaturated hydrocarbons are those having two or more ethylenically unsaturated groups 
per molecule. More preferred is a polymeric compound having three or more ethylenically 
unsaturated groups and a molecular weight equal to or greater than 1,000 weight average 
molecular weight 

10 Examples of unsubstituted ethylenically unsaturated hydrocarbons include, but are 

not limited to, diene polymers such as polyisoprene (e.g. trans-polyisoprene) and copoly- 
mers thereof, cis and trans 1,4-polybutadiene, 1,2-polybutadiene, (which is defined as a 
polybutadiene possessing greater than or equal to 50% 1,2 mlcrostructure), and copoly- 
mers thereof, such as styrene-butadiene copolymer. Such hydrocarbons also include 

15 polymeric compounds such as polypentenamer, polyoctenamer, and other polymers pre- 
pared by cyclic olefin metathesis; diene oligomers such as squalene; and polymers or co- 
polymers with unsaturation derived from dicyclopentadiene, norbomadiene, 5-ethylidene-2- 
norbomene, 5-vinyl-2-norbornene, 4-vinylcyclohexene, 1,7-octadiene, or other monomers 
containing more than one carbon-carbon double bond (conjugated or non-conjugated). 

20 Examples of substituted ethylenically unsaturated hydrocarbons include, but are not 

limited to, those with oxygen-containing moieties, such as esters, carboxylic acids, alde- 
hydes, ethers, ketones, alcohols, peroxides, and/or hydroperoxides. Specific examples of 
such hydrocarbons include, but are not limited to, condensation polymers such as polyester 
derived from a monomer containing a carbon-carbon double bond, and unsaturated fatty 

25 acids such as oleic, ricinoleic, dehydrated ricinoleic, and linoleic acid and derivatives 

thereof, e.g. esters. Such hydrocarbons also include polymers or copolymers derived from 
(meth)allyl (meth)acrylates. Suitable oxygen scavenging polymers can be made by trans- 
esterification. Such polymers are disclosed in US Patent No. 5,859,145 (Ching et al.) 
(Chevron Research and Technology Company). The composition used may also comprise 

30 a mixture of two or more of the substituted or unsubstituted ethylenically unsaturated hy- 
drocarbons described above. While a weight average molecular weight of 1,000 or more is 
preferred, an ethylenically unsaturated hydrocarbon having a lower molecular weight Is us- 
able, especially if it is blended with a film-forming polymer or blend of polymers. 
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ngamdesdascnbed above. For most applications where transpamncy is necessan, a 
.aye, Which allows at leas. 50% transmission o, visible li,ht is 

,'^"'^''"8 transparent oxygen-scavenging layers acoottlinsto .his invention 
,2^,o,ybutac«ene Is usetu, a. ro™ .e.pe...re. Por instance. ^^J^ZZ\. 

hib^transparencymechanica, proper.es and p.cessi„gcha.o«,sti,Isin„artZof 
po.e.^.ene. In ed«o„, this poiy^r is found to re..„ ^ ^„3par«,cy :T^Z 

rntegnty even after most or all of its oxygen uptake capacity has been consurl . 
>-e„,„eor no dlluentresin is present, even fu.er,;a:oi:u"r^^^^^^ 
lively high scavenging rate as well. 

«^«"°'<>'a«"=c^venging at low temperatures is desired, 1,4.polybutadien9 and 
c^o^™.ofstyrene*butadiene, and styrene w«h isoprene ^ „seL 3 * 0011 
*ons are disposed in U.S. Pe.en. No 5.310,497 issued to Speer e. on M^To^X 

rz^tiz"^^^^"^^^'^"^— 

*""«™l«™Pte Of oxygen scavengers Which can be used in connection with 

al.). These oxygen scavengers include a polymer or oligomer having a. leas, one oydohex 
g^up or funcionainy. These oxygen scavenge, incude a poiymer ^ 

gr::r''r'"* "^^^ 

group to the polymeric backbone. 

An oxygen scavenger suitable for use with the invention comprises- 

(a) a polymer or lower molecular weight material containing substituted cyclohex- 
ene functionality according to the following diagram: 

Where A may be hydrogen or methyl and either one or two of the B groups is a hetero.t.m 
conta.^^^ 

the remaining B groups are hydrogen or methyl; 

(b) a transition metal catalyst; and optionally 

(c) a photoinitiator. 
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The composition may be polymeric in nature or it may be a lower molecular weight 
material. In either case it may be blended with one or more further polymers or other addi- 
tives. In the case of low molecular weight materials, the above composition is preferably 
compounded with a carrier resin before use. 
5 When used in forming a packaging article, the oxygen scavenger used in 

connection with the present invention can include only the above-described polymers and a 
transition metal catalyst. However, photoinitiators can be added to further facilitate and 
control the initiation of oxygen scavenging properties. Adding a photoinitiator or a blend of 
photoinitiators to the oxygen scavenging composition can be preferred, especially where 

10 antioxidants have been added to prevent premature oxidation of the composition during 
processing and storage. 

Suitable photoinitiators are known to those skilled in the art. See, e.g., PCT 
publication WO 97/07161, WO 97/44364, WO 98/51758, and WO 98/51759. Specific 
examples of suitable photoinitiators include, but are not limited to, benzophenone, and its 

15 derivatives, such as methoxybenzophenone, dimethoxy benzophenone, 
dimethylbenzophenone, diphenoxybenzophenone, allyloxybenzophenone, 
diallyloxybenzophenone, dodecyloxybenzophenone, dibenzosuberone, 4,4'-bis(4- 
isopropylphenoxy)benzophenone, 4-morpholinobenzophenone, 4-aminobenzophenone, 
tribenzoyi triphenylbenzene, tritoluoyi triphenylbenzene, 4.4'-bis(dimethylamino)-benzophe- 

20 none, acetophenone and its derivatives, such as. o-methoxy-acetophenone, 4'-methoxy- 
acetophenone, valerophenone, hexanophenone. a-phenyl-butyrophenone, p-morpholino- 
propiophenone, benzoin and its derivatives, such as. benzoin methyl ether, benzoin butyl 
ether, benzoin tetrahydropyranyl ether, 4-o-morpholinodeoxybenzoin, substituted and 
unsubstituted anthraquinones, a-tetralone, acenaphthenequinone, 9-acetylphenanthrene, 

25 2-acetyl-phenanthrene, 10-thioxanthenone, 3-acetyl-phenanthrene, 3-acetylindole, 9- 

fluorenone, 1-indanone, 1,3,5-triacetylbenzene, thioxanthen-9-one, isopropylthioxanthen-9- 
one, xanthene-9-one, 7-H-benz[de]anthracen-7-one, r-acetonaphthone, 2'- 
acetonaphthone, acetonaphthone, benz[a]anthracene-7,12-dione, 2,2-dimethoxy-2- 
phenylacetophenone, a,a-diethoxyacetophenone, a,a-dibutoxyacetophenone, 4-benzoyI- 

30 4'-methy!(diphenyl sulfide) and the like. Single oxygen-generating photosensitizers such as 
Rose Bengal, methylene blue, and tetraphenylporphine as well as polymeric initiators such 
as poly(ethylene carbon monoxide) and oli3o[2-hydroxy-2H7}ett7yI-1-[4-(1- 
methylvinyl)phenyl] propanone] also can be used. However, photoinitiatons are preferred 
because they generally provide faster and more efficient Initiation. When actinic radiation 
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^us..^pho.oin«a.ors also can provide i„«cn a. longer wavelengths which are tess 
cc«ly to ,e™«e an. present less harmful side effect ftan shorter wavelengms 

oxvae„!r ' "t"""" " '"'^"^ Of 
°xi^-«veng,n«bymeoxygenscevengeruponexposure.o,adia«on. Theapp,^,te,e 
■ a™^ of pho..«or depends on .he a.oun. and lype of c,* onsa...^ ^1" 
po^er, «,e wavelength and intensity of radia«on used, .ho na... and an«>u« o, 

can depend on how me scavenging composition is used. For instance, if a photoiniSalor- 
con.a.„,ng compos«on is in a „,n, layer, whi* unden^am anCer layer ,s somla 
opaque to the radia.ion used, more ini„a.or migh. he needed. Howevir, me amorof 
ph«o,n,ta.or used for most app,ica«ons ranges f^m about 0.01 .o about 10% (by M) of 
the total composiBon. Oxygen scavenging can be initated by exposing an artde 
containtng me oxygen scavenger to acinic or electron beam radiata, as described below 

USPaten.Appl,cat,on USSN 09«5033a, .led Jul, s, 1999,wh^<,lsok,sesacopoUer^ 
^V^rie and a strained, cyclic alKylene, prefe^Ny cy«ope„.ene; and a Uan^n mU 

Anomer oxygen scavenger which can be used in connection v^m mis invent Is 

eneAmiyl aralkyi copolymer and a translBon metal ca.alys.. 

AS indicated above, .he emylenically unsaturated hydrocarbon is combined wtm a 

^on metal catalyst. Suitable meta, cata^sU are mose which can „ad,1y interconvert 
befcveen at leas, hvo oxidaUon s.ates. 

P«.erab,y, me catalyst is in me form o, a transiSon me.^ salt wim me metal se- 
from me «rst, second or mird t,ansi«on sehes of me PeHo* Table. Suable metals 
mcude but are not „mited to, manganese II or l„, iron II or ,„, cobaK II or 1,1, rtcKe, I, or HI 
eopper I or II, rtiodium ,1, 1,1 or IV, and mmenlum II or 111. The oxlda«on s«e of me metal ' 
«^en .ntroduced is not necessanly that o, me active fom,. The metal is prefe^y iron 
nicke or copper, more preferably manganese and most preferably cobalt Suitable counte- 
nons or me meta, include, bu. are no. ,imi.ed to, chloHde, acetate, stea^te, paimitate 
cap-^ate, linoleate, tallate, 2-emylhexanoate, neodecanoate, oleate or naphmenate. Par- 
.culahy preferable salts include coba« (.,) 2-emylhaxanoa.e, cobal, stoaiWe, and cobal, (11) 
neodecanoa.e. The me.al sal. may also be an Anomer. h case a polymertc coul 
non IS employed. Such lonomers are well known m »ie art 
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Any of the above-mentioned oxygen scavengers and transition metal catalyst can 
be further combined with one or more polymeric diluents, such as thermoplastic polymers 
which are typically used to form film layers in plastic packaging articles. In the manufacture 
of certain packaging articles well known thermosets can also be used as the polymeric 
5 diluent. 

Polymers which can be used as the diluent include, but are not limited to, polyethyl- 
ene terephthalate (PET), polyethylene, low or very low density polyethylene, ultra-low den- 
sity polyethylene, linear low density polyethylene, polypropylene, polyvinyl chloride, polysty- 
rene, and ethylene copolymers such as ethylene-vinyl acetate, ethylene-alkyi 

10 (meth)acrylates, ethylene-(meth)acrylic acid and ethylene-(meth)acrylic acid ionomers. 

Blends of different diluents may also be used. However, as indicated above, the selection 
of the polymeric diluent largely depends on the article to be manufactured and the end use. 
Such selection factors are well known in the art. 

Further additives can also be included in the composition to impart properties de- 

15 sired for the particular article being manufactured. Such additives include, but are not nec- 
essarily limited to, fillers, pigments, dyestuffs, antioxidants, stabilizers, processing aids, 
plasticizers, fire retardants, anti-fog agents, etc. 

The mixing of the components listed above is preferably accomplished by melt- 
blending at a temperature in the range of SOX to 300X. However, alternatives such as 

20 the use of a solvent followed by evaporation may also be employed. The blending may 
immediately precede the fomnation of the finished article or preform or precede the forma- 
tion of a feedstock or masterbatch for later use in the production of finished packaging arti- 
cles. 

Oxygen scavenging staictures can sometimes generate reaction byproducts, which 
25 can adversely affect the packaged material or raise food regulatory issues. These by- 
products can include organic acids, aldehydes, ketones, and the like. This problem can be 
minimized by the use of polymeric functional ban^iers. 

Polymeric functional barriers for oxygen scavenging applications are disclosed in 
WO 96/08371 to Ching ef a/.(Chevron Chemical Company), and WO 94/06626 to Balloni et 
30 a/.. Functional barriers are also disclosed in copending US Patent Application Serial Nos. 
08/813752 (Blinka et al.) and 09/445645 (Miranda). The materials in these publications 
and applications collectively include high glass transition temperature (Tg) glassy polymers 
such as polyethylene terephthalate (PET) and nylon 6 that are preferably further oriented; 
low Tg polymers and their blends; a polymer derived from a propylene monomer; a polymer 
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d«n,ed ,™m a acn«e a po,y.er de*ec fro. a bu^, ac^a.. ™„„„,ar 

PETG), am^phous njrton; ionoma, a pdymeHc blend includin, a pCyten^ene- and poly 
to .od^ me ox„an pe™eabl,i.y as ,e,uired by .o.a app,lca«o„s. The funcBona, aL 

lhat includes an oxygen scavenging layer. 

in certain applications o, oxygen scavenging, i, is desirable ,o provide poiyn,erlc 
matanals * ,o„ oxygen ^„s.,sslon rates, i.e. «h high bamer to o^gen in TeT 
cases, It IS prefenad that the oxygen permeability of the barrier be less than 500 cm' 0= / 
m . day • atmosphere (tested at 1 mil thick and at 25 X according to ASTM D3985) 
^-erably tess than 100, more preferably less than 50 and most preferably tess man 25 
an O, / m . day . atmosphere such as less man 10, less man 5, and less man 1 cm' O, / 
m - day • atmosphere. The exact oxygen pem,eabili.y opBmaily required for a given 
W ca on can ,«adily be determined mrough expehmentation by one skilled in me a,.. ,„ 
medical app«ons, high bamer is onen .quired to protect me quality of the p^duc. 
^ng packaged over me Intended «me of me product. Higher oxygen pernieablUty can 
«ad ly be accomplished by blending me barHer polymer wim any po^mer mat has a 
substantially Nghar oxygen pemieabillty. Useful polymers for blending wHh barter 
polymers include but are not limited to polymers and copolymers of alKyl acnUates 
especially emylene«>utyl ac^late; emylene/^nyl acetate copolymers; and me lN<e In 
add*on to blending, one skilled in me art will recognize mat me barter can be ad|usted 
mrough me specification of the resin and mickness. 

Definitions 

Tllm- herein means a film, laminate, sheet, web. coating, or the like which can be 
used to package a product. 

-Oxygen scavenger" (OS) and me like he,^in means a composition, article or me 
like which consumes, depletes or reacts v,ith oxygen from a given environment 

-Functional barrter herein means a polymeric matertal, which acts as a selective 
bamer to by-products from me oxygen scavenging reaction, but is not itself a significant 

barrier to oxygen, 

TLDPP herein means linear low density polyethylene, which is an ethylene/ alpha- 
Olefin copolymer. 
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"EVOH" herein means ethylene/vinyl alcohol copolymer. 
"EVA" herein means ethylene/vinyl acetate copolymer. 

"Polymer" and the like herein means a homopolymer, but also copolymers thereof, 
including bispolymers, terpolymers, etc. 
5 "Ethylene/alpha-olefin copolymer" and the like herein means such heterogeneous 

materials as linear low density polyethylene (LLDPE), linear medium density polyethylene 
(LMDPE) and very low and ultra low density polyethylene (VLDPE and ULDPE); and 
homogeneous polymers such as metallocene catalyzed polymers such as EXACT (TM) 
materials supplied by Exxon, and TAFMER (TM) materials supplied by Mitsui Petrochemical 
10 Corporation. These materials generally include copolymers of ethylene with one or more 
comonomers selected from C4 to C10 alpha-olefins such as butene-1 (i.e., 1-butene), hexene-1, 
octene-1 , etc. in which the molecules of the copolymers comprise long chains with relatively few 
side chain branches or cross-linked structures. This molecular staicture is to be contrasted with 
conventional low or medium density polyethylenes which are more highly branched than their 
15 respective counterparts. Other ethylene/a-olefin copolymers, such as the long chain branched 
homogeneous ethylene/a-olefin copolymers available from the Dow Chemical Company, known 
as AFFINITY (TM) resins, are also included as another type of ethylene alpha-olefin copolymer 
useful in the present invention. It is further contemplated that single-site catalyzed 
polyethylenes, known as Versipol™ (DuPont), will be useful in the present invention. 
20 "Polyamide" and the like herein means any polymer having amide linkages along the 

molecular chain, and preferably to synthetic polyamides such as nylons. Furthermore, such 
term encompasses both polymers comprising repeating units derived from monomers, such as 
caprolactam, which polymerize to fonm a polyamide, as well as polymers derived from a diacid 
and diamine and copolymers of two or more amide monomers, including nylon terpolymers, also 
25 referred to generally as "copolyamides" herein. 

"Medical product" and the like herein means any product which is preferably steril- 
ized prior to use in health care, whether for medical, dental, or veterinary applications, such 
as those used during medical intervention. This is exemplified but not limited to needles, 
syringes, sutures, wound dressings such as bandages, general wound dressings, non- 
30 adherent dressings, bum dressings, surgical tools such as scalpels, gloves, drapes, and 
other disposal items, solutions, ointments, antibiotics, antiviral agents, blood components 
such as plasma, drugs, biological agents, intravenous solutions, saline solutions, sungrcai 
implants, surgical sutures, stents, catheters, vascular grafts, artificial organs, cannulas, 
wound care devices, dialysis shunts, wound drain tubes, skin sutures, vascular grafts, fm- 
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Plantable meshes, intraocular devices, heart valves, biological graft materials, tape closures 
and dressings, head coverings, shoe coverings, sterilization v^aps. and the like. 

Trigger" and the like herein means that process defined in U.S. Patent No 
5.211.875. whereby oxygen scavenging is initiated (i.e. activated) by exposing an article 
such as a film to actinic radiation, such as ionizing radiation, such as gamma radiation 
having a wavelength of less than about 750 nm at an intensity of at least about 1 6 
mW/cm^ or an electron beam at a dose of at least 0.2 megarads (MR), wherein after 
.n,t,at.on the oxygen scavenging rate of the article is at least about 0.05 cc oxygen per day 
per gram of oxidizable organic compound for at least two days after oxygen scavenging is 
.nrtiated. Preferred is a method offering a short Induction period" (the time that elapses 
after exposing the oxygen scavenging component to a source of actinic radiation, before 
.nitiaton of the oxygen scavenging activity begins) so that the oxygen scavenging 
component can be activated at or immediately prior to use during filling and sealing of a 
container, made wholly or partly from the article, v^ith an oxygen sensitive material. 

Thus, "trigger" refers to exposing an article to actinic radiation as described above- 
".nrt.at.on" refers to the point in time at which oxygen scavenging actually begins or is 
activated; and "induction time" refers to the length of time, if any. between triggering and 
initiation. 

"Sterilize" and the like herein means the effective inactivation or kill of microbes con- 
tained .n or on a product. The level of inactivation or kill may vary, but it will be in an 
amount or at a level acceptable by the applicable commercial and/or FDA standards for the 
Intended product. 

Summan; Of The Invpntinn 

In one aspect of the invention, a method comprises providing an article comprising 
an oxygen scavenger; fomiing the article into a container; placing an oxygen sensitive 
product .nto the fomied container; and exposing the fomied container, with the oxygen 
sensitive product therein, to actinic radiation at a dosage effective to sterilize the container 
and trigger the oxygen scavenger in the article. 

In a second aspect of the invention, a method comprises providing a container 
compnsing an oxygen scavengen providing an oxygen sensitive product; placing the oxy- 
gen sensitive product into the container; and exposing the container, with the oxygen sensi- 
tive product theiBin. to actinic radiation at a dosage effective to sterilize the container, and 
trigger the oxygen scavenger in the container. 
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In a third aspect of the invention, a method comprises providing an article compris- 
ing an oxygen scavenger; forming the article into a container, exposing the formed con- 
tainer to actinic radiation at a dosage effective to sterilize the container, and trigger the 
oxygen scavenger in the article; and placing an oxygen sensitive product into the formed 
5 container. 

In a fourth aspect of the invention, a method comprises providing an article compris- 
ing an oxygen scavenger; providing an oxygen sensitive product; packaging the oxygen 
sensitive product in a container formed at least in part from the article; and exposing the 
formed container, with the oxygen sensitive product therein, to actinic radiation at a dosage 
10 effective to sterilize the container, and trigger the oxygen scavenger in the article. 

in a fifth aspect of the invention, a method comprises providing an article comprising 
an oxygen scavenger; providing an oxygen sensitive product; exposing the article to actinic 
radiation at a dosage effective to sterilize the article, and trigger the oxygen scavenger in 
the article; and pact<aging the oxygen sensitive product in a container formed at least in 
1 5 part from the article. 

In a sixth aspect of the invention, a package comprises a container, the container 
comprising an activated oxygen scavenger; wherein the container is sterilized, and wherein 
an oxygen sensitive product is disposed in the container. 
In the above-described aspects: 
20 - the article is preferably in form of a film, such as a film comprising a layer comprising an 
oxygen scavenger; and a layer comprising a polymer having an oxygen transmission rate 
of less than 500 cm^/ m^ • day • atm (ASTM D 3985-95); 

- the oxygen scavenger preferably comprises a material selected from the group consisting 
of: 

25 i) oxidizable organic compound and a transition metal catalyst. 

ii) ethylenically unsaturated hydrocarbon and a transition metal catalyst, 

iii) a polymer having a polymeric backbone, cyclic olefinic pendent group, and 
linking group linking the olefinic pendent group to the polymeric backbone; 

iv) a copolymer of ethylene and a strained, cyclic alkylene; and 
30 v) ethylene/vinyl aralkyi copolymer; 

- the article is preferably a pouch, bag, tray, or lidstock; 

- the oxygen sensitive product is preferably a medical product such as intravenous solution, 
or a food product; 
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- the oxygen sensitive product is DarkanoH in ^ ^« * • 

a«e,byp.,e«My " "east /„ part f,w,tt,e 

0 Placing , ha oxyjen s.„*e product in a pouch ,o™«. ,™ .he fflm con- 

taming the oxygen scavenger 

wrapping «.e oxygen sensitive product in a nim containing an oxygen scav- 
enger, and sealing the film to form a hennetic package- or 
Placing the oxygen sensitive product in a tray, covering the tray with a lid- 
stock, and sea/ing the lidstock to the tray to fom, a hennetic package 
Wherein at least one of the tray and the lidstock comprises an oxygen scav- 



ii) 
iii) 



15 



20 



25 



30 



Detailed Description nr th^ 'nvrntinn 

^ '"-"""^ '^^ '0-"^ «a, packaging matenais can be Wgge^d to scavenge oxy 
»e„ dunng a s,e„„za.ion process typicai of .hose used ,or hea«h ca. p™du«s ,e7 

Zr ■'T'- "^--^^^ ' packaging sM^c^re, esp^ , a 

h^h oxygen ha^er s.ruCu,e, can be si.uKaneously s,ert,i.ed wh«e ^«a*,g o^ ec=v 

and/„rwh, e ,n«n, oxygen scavenging .ha. p^vides an ac6ve bamer ,o mrther ,nlt' 
Of oxygen f™. .he ex.e.or o, ,he container. Bo.h of .hese a«r,butes (stenl^T^ If^ 
pa*ag,„g ™.e„a,s and oxygen scavenging , are desirable ..r prodl. gua,^ ^n^ x 
ton^ed s^ ,^ Of oxygen sens,.ive produc.s. ^e packaging s.™c.,e 1 1^^^^ 

fvely can take fte form of a sem,-hgid or ngid tfay or container, such as a bottle 

Although the ^vo funcBons, stehiteation and oxygen scavenging, preferably occur 
™^neously, those sailed In .he ar, - unders.and, after a review ^t^e Invenin 

etgtrrar""*'™'"''"^^'-^'^^-'"'"---^---. 

Examp les 

a convemional packaging sfcuctura«<,ulhng oxygen and moisture 
bamens a multilayer film construction as follov«: n and moistuie 
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In accordance with the present invention, an oxygen scavenger can be either added 
to or combined with the gas barrier layer 



(outside of 


Abuse 


gas barrier + 


Moisture 


sealant 


(inside of 


package) 


Resistant 


oxygen 


Barrier 


layer 


package) 




Layer 


scavenger 


Layer 










layer 









5 Alternatively, the oxygen scavenger can be added as a separate layer or layers: 



(outside of 
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moisture 
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(Inside of 


package) 


resistant 
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scavenger 


layer 


package) 




layer 


layer 


layer 


layer 







or 



(outside of 


abuse 


gas 


oxygen 


moisture 


sealant 


(inside of 


package) 


resistant 


banrier 


scavenger 


barrier 


layer 


package) 




layer 


layer 


layer 


layer 







10 other layers can optionally be included as appropriate, such as one or more adhe- 

sive layers, as shown by each of the following three examples: 
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package) 
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. or 

15 



(outside 


abuse 


adhesive 


gas 


adhesive 


moisture 


oxygen 


sealant 


(Inside 


of 


resistant 


layer 


barrier 


Layer 


barrier 


scavenger 


layer 


of 


package) 


layer 




layer 




layer 


layer 




package) 



or 



(outside 


abuse 


adhesive 


gas 


adhesive 


oxygen 


moisture 


sealant 


(inside 


of 


resistant 


layer 


barrier 


Layer 


scavenger 


barrier 


layer 


of 


package) 


layer 




layer 




layer 


layer 




package) 



20 



wo 02/051705 



PCTAJSOl/47870 



13 



A funcaonal ban1.r layer «n opUonally be induded in me packaaing Nurture: 



or 



(outside 
of 

package) 


abuse 

resistant 

layer 


gas barrier + 
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layer 


sealant 
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functional 
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(inside of 
package) 
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layer 


Sealant 
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func- 
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package) 


or 
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of 

package) 


abuse 

feslsiant 

layer 


gas 

barrier 

layer 


oxygen 

scavenger 

layer 


moisture 

barrier 

layer 


Sealant 
layer 


func- 
tional 
barrier 


(Inside of 
package) 



In the above article constructions: 

^e»n opoiy^e, po,„ne, propy,e„e/emy,e„e copo^er, densi^ 
linear low dens,n, polyethylene, polyamide, or blends o, any Of me above- ""^ ' 

The gas barrier layer preferably comprises a matertal such as ethyleneMnyl alcohol 

Jlymer (BVOH,, poly„,ny,idene dlchlorido, vlnyiwene ohlo^de, .emyl aov^^^^^ 
mer. polyam,de, polyester; metallized PET, metal fbil, and SiOx compounds 

The adhesive layer preferably composes a matedal such as an anhydride grafted 

polymer or copolymer; ""ca'dnea 

The moisture barrier layer preferably comprises a material such as pn>pyte„e poly- 
mer or copolymer, high density polyethylene, ethy^„e.alpha-o.e,„ copo Jer, r eZ!,- 
norbomene copolymer; ' «uiyiene 

The sealant layer preferably comprises a material such as ethylene/alpha-olefin co- 
pol^er^emyleneMnyl acetate copolymer, emy,ene,<meth,ac,v^ cop.ym^, etl^yr 
ene/(m6m)aoylic add copolymer, and the like; 

herein; '^.'""^""^ layer preferably emprises a material such as mose diseased 
dosed ZT" '"'^ a material sud, as those dis. 
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For maximum product benefit, the sterilization/initiation process should be carried 
out prior to product packaging, or immediately after product packaging, depending on the 
product application. For Initiation of the oxygen scavenging reaction, the point in the pack- 
aging process or use cycle at which the product Is sterilized will affect the configuration of 

5 the final packaging structure. For example, packaging products that are triggered a week 
or more prior to use need to have their oxygen scavenging rate tailored so as to avoid pre- 
maturely exhausting their scavenging capacity. This can be accomplished through the use 
of gas barrier layers flanking the oxygen scavenging layer, or by formulating the oxygen 
scavenging layer to have a pre-determined induction time between triggering and initiation 

10 of oxygen scavenging. 

Product applications requiring rapid oxygen scavenging would be designed to have 
oxygen permeable layers between the scavenging layer or layers and the interior (product 
side) of the package. 

Film of the invention can be made by any conventional means, including coextru- 

15 sion, lamination, extrusion coating, solution coating, or corona bonding, and then optionally 
oriented. The film can optionally be made heat shrinkable through orientation or tenter- 
framing if desired, at orientation ratios of 1:2 to 1:9 in either or both of the machine and 
transverse directions. To further increase the ability to shrink it may be desirable to irradiate 
some of the layers of the structure prior to adding the layers containing the scavenger. For 

20 shrink applications, the film can be made to have a free shrink of at least 10%, more pref- 
erably at least 20%. most preferably at least 30%. in either or both directions at 90°C. 

Examples 

25 Multilayer films used in the examples were prepared via cast coextrusion. Each of 

the films had a nine-layer structure and had a total thickness of approximately 7.35 mils. 

The materials used in the examples are identified below. All percentages are 
weight percents unless othenA/ise indicated. All physical property and compositional values 
are approximate unless othen^se indicated. In the examples: 

30 "EPC" = Z9540™, a propylene/ethylene copolymer having an ethylene content of about 6 
weight percent and a density of about 0.89 g/cc obtained from Fina Oil and Chemical Com- 
pany. 

"SEBS" = KRATON'TM G-1652, a styrene-ethylene-butadiene-styrene block copolymer with 
a specific gravity of about Q.91, obtained from Shell Chemicai Company. 
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■CO.NDA- -JBU^BM^ 170, a cobal. neode^oate c„.po.„. abou, 22.5 v«% co- 
bait, obtained fnomOMG Chemicals. 

IZJ "^"'"'f '"^y'-n-^yl aetata copolymer with app,oxi™,ely 9 mol% vinyl 
10 paT' ' ° ™" ^=0- 

■EAO-2- = exact™ 3128, an athylena/alpha-olefin copolynar with a melt index app-oxi- 
mateiy 1.2 and a density about 0.900, obtained from Exxon Chemical Company, 
r : " ""'''''^'^-^ low density po^athyla« tie ..sin 

IS rm:aT*"°-^'^'"^^"-'*-''---«-'-Q"an.„n,Chemica, 

■EVOH- = EVAL" F101A, an ethyiene/vinyi alcohoi copolymer^tl, app^ximately 32 mol 

EMA =,BYNEL~ CXA E374, an anhydride modifled ethylene/memyl acylate copolymer 
ha«n9 a me„ index of about 2.8 and a density o, about 0.931, obtained from E.,. DuPon. 

20 de Nemours, 

XPE- = ECDEL™ 9965, a copolyester ether having a density about 1.13, obtained from 
Eastman Chemical Company. 

Example 1 

A muiUlayer f«m in accordance v^th the present invention had the following s-iayar 

Layer Gauge Component 
1 75 ftnoA cnr nr 



80% EPC/20%SEBS 
3 175 fg^/^olf'/^SBS/IOo/oEVA/eSOppmCO-NDA 



2 40 



30 4 40 100% APE 

5 75 100% EVOH 

6 40 100% APE 

7 175 100% EAO-2 

8 40 EMA 

9 75 CPE 
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Example 2 

In order to determine the effect of gamma irradiation on the film of Example 1 , a film 
sample was treated with gamma irradiation at an average dose of 39 kGy (3.9 megarads). 
5 This dose was selected to be representative of a level useful for sterilization of packaged 
medical products. 

Example 3 

Samples of non-irradiated (Example 1) and irradiated (example 2) film were tested 
10 for oxygen transmission rate as an indication of oxygen scavenging ability. Oxygen trans- 
mission values were obtained using a test method described in detail in U.S. Patent 
5,583,047 (Blinka et a!.). The results of the test on the two samples at two times are shown 
in Table 1. 

15 Table 1 

Oxygen Transmission Rate, cc/m^/day 



20 



Time Example 1 Example 2 

(hours post irradiation) (non-in-adiated) (irradiated) 

5 0.58 0.22 

53 0.58 0.24 



This example clearly shows that the multilayer films, when treated with a level of 
25 gamma irradiation sufficient to sterilize packaged products, effectively triggered the multi- 
layer films to begin scavenging oxygen. The triggered films show a dramatic reduction in 
overall oxygen permeability by a factor between 2 and 3 for this example. This degree of 
permeability decrease would be expected to have a significant, positive effect, on extend- 
ing the shelf life of oxygen-sensitive package contents. 
30 The articles of the present invention have been described primarily in connection 

with the packaging of medical products. However, it is to be understood that other applica- 
tions for the articles are also possible. 
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WHAT IS CLAIMED IS: 



1- A method comprising: 

a) providing an article comprising an oxygen scavenger; 

b) forming the article into a container; 

c) placing an oxygen sensitive product into the fonned container and 

d) exposing the formed container, with the oxygen sensitive p^duct therein, to ac- 
t.n,c radiation at a dosage effective to sterilize the container, and trigger the 
oxygen scavenger in the article. 

2. A method comprising: 

a) providing a container comprising an oxygen scavenger; 

b) providing an oxygen sensitive product; 

c) placing the oxygen sensitive product into the container and 

d) exposing the container. v.ith the oxygen sensitive product therein, to actinic 
rad,ation at a dosage effective to sterilize the container, and trigger the oxygen 
scavenger in the container 

3. A method comprising: 

a) providing an article comprising an oxygen scavenger 

b) fonning the article into a container; 

c) exposing the fenced container to actinic radiation at a dosage effective to steril- 
ize the container, and trigger the oxygen scavenger in the article- and 

d) placing an oxygen sensitive product into the fomied container 

4. The method of claims 1 or 3 comprising providing an article in form of a film. 

5. The method of claims 1 or 3 comprising providing an article in fom, of a film 
wherein the film comprises: 

a) a layer comprising an oxygen scavengen and 

b) a layer comprising a polymer having an oxygen transmission rate of less than 
500 cm / m day atm (ASTIVI D 3985-95). 
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6. The method of claims 1, 2, or 3 wherein the oxygen scavenger comprises a material 
selected from the group consisting of; 

i) oxidizable organic compound and a transition metal catalyst, 

ii) ethylenically unsaturated hydrocarbon and a transition metal catalyst, 

iii) a polymer having a polymeric backbone, cyclic olefinic pendent group, and 
linking group linking the olefinic pendent group to the polymeric backbone; 

Iv) a copolymer of ethylene and a strained, cyclic alkylene; and 
v) ethylene/vinyl aralkyi copolymer 

7. The method of claims 1 , 2, or 3 wherein the container is a pouch, bottle, or tray, 

8. The method of claims 1, 2, or 3 wherein the oxygen sensitive product is a medical 
product. 

9. The method of claims 1 , 2. or 3 wherein the oxygen sensitive product is intravenous 
solution. 

10. The method of claims 1, 2, or 3 comprising exposing the container to gamma radiation 
at a dosage of at least 0,2 megarads to sterilize the container, and trigger the oxygen 
scavenger. 
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